Abstract Screening and diagnostic criteria for gestational diabetes (GDM) are inconsistent across Europe, and the development of a uniform GDM screening strategy is necessary. Such a strategy would create opportunities for more women to receive timely treatment for GDM. Developing a consensus on screening for GDM in Europe is challenging, as populations are diverse and healthcare delivery systems also differ. The European Board & College of Obstetrics and Gynaecology (EBCOG) has responded to this challenge by appointing a steering committee, including members of the EBCOG and the Diabetic Pregnancy Study Group (DPSG) associated with the EASD, to develop a proposal for the use of uniform diagnostic criteria for GDM in Europe. A proposal has been developed and has now been approved by the Council of the EBCOG. The current proposal is to screen for overt diabetes at the first prenatal contact using cut-off values for diabetes outside pregnancy, with particular efforts made to screen high-risk groups. When screening for GDM is performed at 24 weeks' gestation or later, the proposal is now to use the 75 g OGTT with the new WHO diagnostic criteria for GDM. However, more research is necessary to evaluate the best GDM screening strategy for different populations in Europe. Therefore, no clear recommendation has been made on whether a universal one-step, two-step or a risk-factorbased screening approach should be used. The use of the same WHO diagnostic GDM criteria across Europe will be an important step towards uniformity.
Screening for gestational diabetes
The initial criteria for diagnosis of gestational diabetes (GDM) were established more than 50 years ago [1] . These criteria were chosen to identify women at high risk for the development of diabetes after pregnancy and not necessarily to identify pregnancies with increased risk for adverse perinatal outcome [2] . Two large randomised intervention trials have now demonstrated improvement in perinatal outcomes, especially in the frequency of large for gestational age (LGA) infants, in women who receive treatment for mild glucose intolerance during pregnancy [3, 4] . Progressively more data have shown that the risk of adverse perinatal outcomes is also associated with degrees of hyperglycaemia less severe than overt diabetes during pregnancy. The Hyperglycaemia and Adverse Pregnancy Outcome (HAPO) study showed a continuous and graded relationship between maternal hyperglycaemia and risk for adverse perinatal outcome, independent of other risk factors [5] . As there are no specific thresholds of hyperglycaemia at which the risk increases significantly, a consensus was necessary to decide on specific cut-offs to define new criteria for the diagnosis of GDM. The prevalence of diabetes and obesity is increasing in the general population, where type 2 diabetes is often also undiagnosed [6] . Therefore, the incidence of type 2 diabetes is increasing in women of childbearing age, leading to more pregnant women with undiagnosed type 2 diabetes. In addition to diagnostic criteria for GDM, the timely diagnosis and treatment of pre-existing diabetes early in pregnancy is necessary as these women are at an increased risk for diabetes complications and congenital anomalies in their babies, as blood glucose levels are higher earlier in pregnancy. These women need treatment with hypoglycaemic agents such as insulin and close follow-up according to guidelines for women with pre-existing diabetes during pregnancy. Moreover, the management of diabetes needs to be continued after the delivery, similar to other women with known diabetes before pregnancy.
In June 2008, the International Association of Diabetes and Pregnancy Study Groups (IADPSG) organised a conference leading to a consensus statement for a new screening strategy and diagnosis of GDM [7] . The IADPSG advises screening for existing but unknown diabetes at the first prenatal clinic visit, especially in high-risk populations. Cut-offs for tests used to detect diabetes in the non-pregnant population (fasting plasma glucose [FPG] ≥7.0 mmol/l, random plasma glucose ≥11.1 mmol/l or HbA 1c ≥6.5% [47 mmol/mol]) are recommended. If overt diabetes or GDM has not been diagnosed in early pregnancy or if the first antenatal contact is at 24 weeks' gestation or later, IADPSG advises that every woman should undergo a 75 g 2 h OGTT. The IADPSG Consensus Panel developed diagnostic cut-off points for FPG, 1 and 2 h plasma glucose measurements that conveyed an odds ratio for adverse outcomes of at least 1.75 compared with women with mean glucose levels in the HAPO study. More specifically, the cutoff points for the FPG, 1 and 2 h plasma glucose were chosen to reflect a 75% increase in risk based on the development of an LGA baby, an umbilical cord C-peptide in the offspring >90th percentile and the percentage body fat in the offspring >90th percentile. If the IADPSG had chosen the new criteria based on an odds ratio of 2.0 rather than 1.75 for the development of complications in the HAPO study, the threshold for abnormal values would be higher, and GDM prevalence in the HAPO study would have been lower. The IADPSG Consensus Panel considered different thresholds but decided by consensus to recommend the 1.75 risk threshold as the higher threshold would fail to identify many cases with nearly comparable risk of adverse outcomes.
The IADPSG now recommends a one-step diagnostic approach: one abnormal measurement from a 2 h 75 g OGTT is enough to diagnose GDM. These are the first diagnostic criteria for GDM based on perinatal outcome and are therefore unique. The IADPSG recommends the following glycaemic thresholds: FPG ≥5.1 mmol/l; 1 h plasma glucose ≥10 mmol/l; and 2 h plasma glucose ≥8.5 mmol/l [7] .
The IADPSG Consensus Panel now also recommends that FPG ≥5.1 mmol/l in early pregnancy is classified as GDM [7] . This recommendation is debatable as it was reached mainly by consensus and uses the cut-off used for later pregnancy derived from the HAPO study. The ADA, the Australasian Diabetes in Pregnancy Society (ADIPS) and the Ministry of Health of China now recommend the implementation of the IADPSG screening strategy, but without endorsing the recommendation to classify FPG ≥5.1 mmol/l in early pregnancy as GDM [8] [9] [10] . An evaluation of using FPG in the first prenatal visit to diagnose GDM in China showed that FPG between 6.1 and 6.9 mmol/l was a more accurate predictor of the development of GDM than FPG ≥5.1 mmol/l. This study therefore does not support FPG ≥5.1 mmol/l at the first prenatal visit as the criterion for GDM diagnosis in a Chinese population [11] .
Ongoing controversy around screening for gestational diabetes Internationally, the IADPSG consensus for diagnosing GDM remains controversial as, in most populations, it would lead to a very important increase in the reported prevalence of GDM [12] . Comments have been raised about the paucity of data on cost effectiveness of such a screening strategy, uncertainties about the clinical relevance of treating mild GDM based on the IADPSG criteria and the risk of progression from mild GDM to type 2 diabetes mellitus postpartum, and the lack of clinical controlled trials addressing the use of the IADPSG criteria [13] . The IADPSG criteria are partly based on surrogate outcomes, such as cord C-peptide. Moreover, the IADPSG recommendations focus on a glucocentric approach to decreasing adverse pregnancy outcomes, while a more integrated approach to defining risk, including other important risk factors such as ethnicity, family history, obesity and gestational weight gain, is needed to support work to reduce accelerated fetal growth. In addition, the diagnosis of GDM based on one abnormal value on the basis of only one test raises concern as the OGTT has poor reproducibility [13] .
The main argument in favour of the new one-step diagnostic approach with stricter diagnostic criteria for GDM is that it will lead to opportunities for more women to receive a timely diagnosis and appropriate treatment for GDM. Adopting uniform diagnostic criteria for GDM will improve and encourage research in the domain of GDM. The use of a uniform 2 h 75 g OGTT in both the pregnant and non-pregnant population will also lead to an important simplification of laboratory results.
So far, two studies have addressed the cost effectiveness of GDM screening according to the IADPSG criteria using decision-analysis models for a US population [14, 15] . These have yielded conflicting results. One study showed that the IADPSG recommendations are cost effective only when post-delivery care reduces diabetes incidence [14] . In the second study, management based on the IADPSG criteria would be effective if treatment decreased the incidence of preeclampsia by >0.55% and Caesarean delivery by >2.7% [15] . Recent modelling based on data from the ATLANTIC Diabetes in Pregnancy (DIP) study shows that GDM plays an independent role in explaining variations in rates of emergency Caesarean section, neonatal unit admission and costs of care, and thus places a substantial economic burden on maternity care services [16] .
While the ADA has, since December 2010, adopted the IADPSG recommendations, the American College of Gynecologists and Obstetricians (ACOG) and an independent expert panel assigned by the National Institutes of Health (NIH) continue to promote the use of a two-step screening strategy: a universal screening strategy with the non-fasting 50 g glucose challenge test (GCT) followed by, if abnormal, a 3 h 100 g OGTT using the Carpenter and Coustan diagnostic criteria [17, 18] . The panel was particularly concerned that the adoption of the IADPSG criteria would increase the prevalence of GDM and the corresponding costs and interventions, without clear demonstration of improvements in the most clinically important health and patient-centred outcomes.
In 2013 both the WHO and the Endocrine Society revised their guidelines and now advise that the IADPSG criteria should be used for the diagnosis of GDM [19, 20] . In the current proposal, the new diagnostic criteria for GDM are therefore now called the new WHO criteria for GDM. In line with the IADPSG Consensus Panel recommendation, the WHO and the Endocrine Society also endorse the recommendation to classify an FPG≥5.1 mmol/l in early pregnancy as GDM. The WHO, however, does not consider HbA 1c for the diagnosis of overt diabetes.
The latest 2014 ADA recommendations specify that further research is needed to establish a uniform approach to diagnosing GDM and leave open the options of using the one-step IADPSG recommendation or a two-step screening strategy [21] . The WHO acknowledges that the quality of evidence for adapting the IADPSG recommendations is very low when evaluated using the GRADE system of ranking evidence strength [19] . Both WHO and the panel assigned by the NIH indicate that their positioning will be revised when new evidence is available.
An EBCOG initiative to develop a proposal for the use of uniform diagnostic criteria for GDM in Europe
Recent surveys demonstrate the strong variability internationally in screening, diagnosis and treatment of women with GDM [22] . A recent review also shows that screening and management of GDM is very variable across Europe, partly due to the ongoing controversy and inadequate clinician awareness of GDM [23] . A recent survey performed in the northern part of Belgium highlights that policies are often also inconsistent even within one region [24] . Comparisons between countries are very challenging because of the different screening strategies and diagnostic criteria used and different ethnicities. An important factor leading to this large variation in practice is probably the lack of consensus between many local and international scientific professional organisations.
Several countries in Europe such as Ireland, France and the French-speaking part of Belgium, have started to use a 75 g OGTT with IADPSG criteria, but often this is performed only in high-risk women and not universally [24] [25] [26] [27] . In some countries in Europe, such as Germany, a 75 g OGTT with IADPSG criteria is not performed as a one-step screening strategy but instead a 75 g OGTT is performed only following an abnormal GCT [28] . However, there are currently no data on the validity of GCT as a universal screening test in a twostep strategy with IADPSG criteria. Some countries and regions in Europe use selective screening with the previous WHO diagnostic criteria (the UK and the Netherlands, for example), while others use the ACOG screening strategy (the Flemish part of Belgium, for example) [24, 29, 30] . Other countries use risk-factor-based or universal screening and the criteria of the EASD or the National Diabetes Data Group [31, 32] Developing a consensus on screening for GDM in Europe is challenging, as ethnic populations are diverse across Europe and healthcare delivery systems differ. Many national societies have recently revised, or will soon revise, their guidelines after the new WHO recommendations. Most national societies in Europe do not recommend a universal one-step diagnostic approach with an OGTT, in part because of the associated increased workload and costs. The EBCOG has responded to this challenge by appointing a steering committee to prepare a proposal for the use of uniform diagnostic criteria for GDM in Europe. The steering committee includes members of the EBCOG and the Diabetic Pregnancy Study Group (DPSG) associated with the EASD, although this opinion paper is not an official statement from the DPSG. The co-authors P. Damm and R. Corcoy were also members of the IADPSG consensus group. The first meeting of the steering committee was held at the DPSG meeting in Malta in October 2013. The first version of the proposal was completed by December 2013 and then further adapted according to feedback from members of the steering committee. The proposal was reviewed by the national societies from April 2014, and was approved by the Council of the EBCOG at the end of November 2014.
Proposal for screening for overt diabetes early in pregnancy
As the prevalence of obesity and type 2 diabetes is also increasing in women of childbearing age in Europe, the use of an easy screening test will lead to an earlier diagnosis and treatment of overt diabetes. The proposal recommends screening for overt diabetes, particularly in high-risk groups (see Text box: Risk factors for diabetes and GDM), at preconception or the first antenatal contact using the cut-off values for diabetes outside pregnancy. As there is no clear evidence about which test performs the best, it is not feasible to recommend a single test to use exclusively. An FPG test is simple and can be done at a relatively low cost. It has also been shown that higher first-trimester fasting glucose levels, within what is currently considered a non-diabetic range, increase the risk of adverse pregnancy outcomes [33] . An FPG is more sensitive than HbA 1c for the diagnosis of diabetes. A random plasma glucose value has the lowest diagnostic sensitivity [34] . The higher cost of an HbA 1c test compared with an FPG test is a disadvantage, but the between-and within-individual coefficients of variation are substantially lower for HbA 1c than for FPG. HbA 1c testing also has the advantage that it can be performed without fasting. HbA 1c testing has now been standardised worldwide and most methods can be used with the most frequent haemoglobin traits. The altered red cell turnover in pregnancy means that HbA 1c cannot be used to diagnose GDM, but the test is accurate enough to use for the diagnosis of diabetes. The measurement of glycosuria alone is not advised as this has a very low sensitivity and is also often falsely positive in pregnancy [35] .
Risk factors for diabetes and GDM • Previous gestational diabetes
• Overweight/obesity It is generally considered that there is not enough evidence to recommend screening for GDM before 24-28 weeks of gestation. The IADPSG Consensus Panel recommends that FPG ≥5.1 mmol/l in early pregnancy is classified as GDM [7] . This is, however, debated as this recommendation was merely based on data extrapolated from the cut-off value used for the 75 g OGTT later in pregnancy. As evidence is lacking about both the women who would benefit most from screening and treatment of GDM before 24 weeks of pregnancy and the diagnostic approach that should be used for GDM, no clear recommendations can yet be made on the diagnostic criteria for GDM in early pregnancy.
Controlling hyperglycaemia in pregnancy is certainly not the only essential factor for reducing the number of LGA newborns. This is confirmed by analyses of the HAPO study showing that both maternal GDM and obesity are independently associated with adverse pregnancy outcomes such as LGA, pre-eclampsia, Caesarean section and newborn percentage body fat >90th percentile and that the combination of obesity and GDM confers a greater risk of these adverse pregnancy outcomes than either obesity or GDM alone [36] . Maternal obesity is also a major independent risk factor for gestational hypertension, congenital abnormalities and birth trauma [37] . A recent meta-analysis has shown that lifestyle intervention in obese pregnant women reduces maternal weight gain, but without differences in rates of Caesarean section, LGA or macrosomia [38] . Gestational weight gain is also a known independent risk factor for accelerated fetal growth [39] . An integrated approach is therefore necessary to define and treat all the risk factors inducing fetal energy excess and accelerated fetal growth. In line with the ACOG recommendation, the current proposal is therefore that preconception assessment and counselling are strongly encouraged for overweight and obese women and should include the provision of specific information concerning the maternal and fetal risks of obesity in pregnancy, as well as encouragement to undertake a weight-reduction programme [40] . To avoid excessive weight gain during pregnancy (according to the Institute of Medicine guidelines), the recommendation is now also to offer lifestyle counselling to every woman early in pregnancy [41] .
Proposal to use the new WHO diagnostic criteria for GDM in Europe at 24-28 weeks of pregnancy
The main discussion now is around the threshold at which hyperglycaemic treatment of GDM becomes cost effective [42, 43] . There is no doubt that women with the highest degree of hyperglycaemia should be treated and that screening is highly valuable in this group. Treatment of milder degrees of hyperglycaemia remains controversial as the potential advantages of diagnosis and treatment might not outweigh the disadvantages. In addition to the costs for organising screening and the inconvenience of performing a test that requires a pregnant woman to fast, the main disadvantage related to a generalised one-step diagnostic approach is that more intensive diagnosis and treatment might also result in an increased medicalisation of antenatal care. This might also divert attention from women with established diabetes who are likely to benefit most. A universal one-step diagnostic approach implies that all pregnant women should receive an OGTT, which might be logistically challenging in some centres and will certainly lead to a substantial increase in healthcare costs. Exploring shared-care protocols with testing distributed in multiple laboratories might help to better organise the process. It is important, however, that the plasma glucose analyses are always performed using a gold-standard method. Performing OGTTs in primary care might also be an option, but may be difficult to organise; home OGTT kits are also coming to the market.
No intervention trials have been performed using the new WHO criteria, but two large intervention trials have shown that treatment of mild forms of GDM is associated with decreased rates of fetal overgrowth and pre-eclampsia [3, 4] . There was substantial overlap between the glucose values used for inclusion in these randomised controlled trials and those recommended by the IADPSG Consensus Panel. Moreover, a recent Spanish cohort study showed that, compared with the previous two-step screening strategy using the Carpenter and Coustan criteria, the one-step approach with the IADPSG criteria was associated with reduced rates of adverse pregnancy outcomes and was also cost effective [44] . The IADPSG criteria are the first diagnostic criteria for GDM based on perinatal outcome and are unique. The EBCOG proposal is in line with the recent WHO recommendation to use the 75 g OGTT with the new WHO diagnostic criteria for GDM at 24-28 weeks of pregnancy (Fig. 1) . The use of the new diagnostic criteria for GDM will lead to an opportunity for more women to be diagnosed in a timely fashion and receive appropriate and timely treatment for GDM. The use of a uniform 2 h 75 g OGTT with the same diagnostic criteria in pregnancy will lead to an important simplification of approach and facilitate research in GDM across European countries. The use of the same diagnostic criteria for GDM across Europe will be an important first step towards uniformity in Europe.
However, more research is needed to evaluate screening strategies across different populations in Europe, and determine which would be the best. Therefore, no clear recommendations have been made on whether a universal one-step, twostep or a risk-factor-based screening approach should be used. More data are needed on the cost effectiveness of a universal one-step diagnostic approach with the 75 g OGTT and the new WHO criteria compared with other screening approaches for GDM in European populations. The new diagnostic WHO criteria for GDM should be evaluated in diverse socioeconomic settings and different ethnic groups across Europe. In some ethnic groups a two-step screening strategy with an FPG ≥5.1 mmol/l as a first screening test might detect a large proportion of women with GDM and, in so doing, avoid the need for a complete OGTT in about 50% of women [45] . An FPG result ≤4.4 mmol/l has been associated with low risk and suggested as a potential screening test in the IADPSG recommendations [7] . A high negative predictive value of this screening test has been described in Middle Eastern and Chinese populations, but has not been addressed in European pregnant women [45, 46] . Other screening strategies using the new WHO diagnostic criteria, such as a twostep screening strategy with a 50 g GCT followed by a 75 g OGTT if the GCT is abnormal, or selective screening according to risk factors, should also be evaluated prospectively in European populations.
More data are also necessary on the most strongly predictive risk factors for GDM across different European populations. As maternal age at first pregnancy continues to increase progressively, in the current proposal, age is not included as a risk factor as women are now very often older than 30 years at first pregnancy. It is also not clear which BMI cut-off is the most sensitive and specific to detect GDM across different European populations. In a Mediterranean population, a third trimester BMI >30 kg/m 2 , present in 31.4% of the study population, was shown to have a sensitivity and specificity of 42.6% and 72.7%, respectively [47] .
Postpartum screening strategy for glucose intolerance in women with a history of GDM The best postpartum screening strategy for glucose intolerance in women with a history of GDM remains controversial. Shortly after delivery, glucose homeostasis is generally restored to normal, but women with GDM are at high risk of developing type 2 diabetes [48] . The current proposal is, in accordance with the ADA, to screen women with a history of GDM between 6 and 12 weeks after delivery using the 2 h 75 g OGTT with non-pregnancy diagnostic criteria. The recommendation is that all women with a history of GDM should receive a 2 h 75 g OGTT postpartum, whether or not insulin was needed during pregnancy. It is acknowledged that this recommendation is largely based on expert opinion or common clinical practice [8, 49] . Measurement of HbA 1c does not seem to perform well for this group of women [50] .
Women with a history of GDM should have lifelong screening for the development of diabetes or prediabetes, at least every 3 years. Currently, there is insufficient evidence to recommend one test over another and therefore HbA 1c , FPG or 2 h 75 g OGTT are suitable to test for diabetes and prediabetes. Women with a history of GDM who are found to have prediabetes should receive lifestyle interventions with or without metformin to prevent diabetes. 
Conclusion
Because screening, diagnostic criteria and treatment of GDM are highly inconsistent across Europe, the development of a uniform diagnostic approach for GDM is necessary. This will give the opportunity for more women to receive a timely diagnosis and appropriate treatment for GDM. Implementing uniform diagnostic criteria for GDM will also improve and encourage research in the domain of GDM.
The current proposal is to screen for overt diabetes at preconception or at the first prenatal contact, using the cut-off values for diabetes outside pregnancy; screening should focus particularly on high-risk groups. When screening for GDM is performed at 24 weeks' gestation or later, the 2 h 75 g OGTT should be used with the new WHO diagnostic criteria for GDM. However, more research is needed to determine the most effective screening strategy across different populations in Europe. Therefore, no clear recommendation can be made on whether a universal one-step, two-step or risk-factor-based screening approach should be used. The use of the same diagnostic criteria for GDM across Europe will be an important first step towards uniformity.
